Abstract Weight loss and muscle wasting are of critical importance to cancer patients because of their negative effects on survival, functional status, and tolerability of chemotherapy. Because previous data suggest vascular endothelial growth factor receptor inhibitors disrupt skeletal muscle pathways, such as PI3K and AKT, the current study explored weight loss and muscle wasting in colorectal cancer patients treated with bevacizumab. Patients were assessed for serial weight and radiographic changes in skeletal muscle at baseline and again within 3 months of starting cancer therapy. Computed tomography scans were used to assess muscle. Fifty-seven patients are the focus on this report. These patients manifested a decline in mean weight from 85 to 83 kilograms (P = 0.002). Mean skeletal muscle area at the L3 vertebral level dropped from 148 cm 2 to 145 cm 2 (P = 0.02). This drop in weight and skeletal muscle occurred independently of cancer progression. No statistically significant differences in survival were observed based on loss of weight or skeletal muscle. Colorectal cancer patients prescribed bevacizumab appear to lose weight and muscle over a few months even in the absence of cancer progression.
Introduction
Muscle wasting is of critical importance to cancer patients. First, it predicts a shortened survival. Examining 2115 cancer patients, Prado and others observed that regardless of weight, attrition of skeletal muscle was associated with early death [1] . Secondly, and perhaps intuitively, muscle wasting leads to a decline in functional status. In the same study referred to above, 47% of patients had notable muscle wasting and poor functional scores compared to 26% with less muscle wasting and better scores (P = 0.009). Thirdly, muscle wasting in cancer patients is associated with higher rates of severe toxicity from chemotherapy [2] . A study that examined muscle mass and capecitabine toxicity observed that 50% of patients with muscle wasting experienced severe side effects in contrast to only 20% of patients with no muscle wasting [1, 2] . Thus, muscle and the factors that drive cancer-associated muscle wasting have important implications for cancer patients.
What effect does cancer therapy have on muscle wasting? Although few studies have specifically sought to measure muscle under such circumstances, a robust literature demonstrates weight gain with conventional chemotherapy [3] [4] [5] [6] [7] . This weight gain can be dramatic, leading to a several-pound increase in the setting of tumor response or with adjuvant chemotherapy. In fact, weight gain occurs in over 50% of breast cancer patients who receive the latter [3] . Far fewer studies have examined weight changes and body composition in patients who receive some of the newer, better tolerated cancer agents. Recently, however, Antoun and others examined the effects of sorafenib in patients with renal cell carcinoma, reporting a dramatic decline in weight and attrition of lean tissue [8] . Patients lost as much as 2.1 kilograms over 6 months whereas placebo-exposed patients manifested stable weight. Assessment of body composition also revealed a decline in muscle with sorafenib. These findings raise the question of how other, newer antineoplastic agents might detrimentally affect weight and muscle.
Bevacizumab is currently prescribed for the treatment of colorectal, non-small cell lung cancer, as well as a host of other malignancies [9] [10] [11] [12] [13] [14] . This vascular endothelial growth factor receptor inhibitor disrupts many of the skeletal muscle pathways, such as PI3K and AKT, in the same manner as sorafenib [15] . To our knowledge, however, no previous studies have examined the effects of bevacizumab on weight and skeletal muscle. The purpose of the present study was to explore how these endpoints change over time in cancer patients treated with this commonly prescribed drug.
Methods

Overview
This study was approved by the Mayo Clinic Institutional Review Board. Its primary goal was to explore serial weight and muscle changes in colorectal cancer patients treated with bevacizumab.
Patient eligibility
Only metastatic colorectal cancer patients who began treatment with bevacizumab in March of 2004 or subsequently at the Mayo Clinic in Rochester, Minnesota were included. This starting point was chosen because the Food and Drug Administration approved bevacizumab that year for the treatment of metastatic colorectal cancer [16] . Bevacizumab-treated patients were included if they had had a computerized tomographic scan of the abdomen less than one month prior to starting bevacizumab and within 3 months of initiation of this drug. Patients who met these criteria were examined consecutively.
Data extraction
The following information was extracted from each medical record: the patient's date of birth, date of death or last follow-up, weight loss at cancer diagnosis, chemotherapy prior to bevacizumab, dose of bevacizumab, chemotherapy administered in conjunction with bevacizumab, and other cancer treatment such as surgery or radiation administered between scans. In addition, patients' height and serial weights were gleaned from the medical record. The latter was acquired within two days of each scan. Tumor response between scans was also acquired from the medical record and classified as tumor progression versus other based on real-time clinical assessment. Finally, as described below, muscle area from the L3 level was measured and calculated from each computerized tomographic scan.
Muscle measurements
Computerized tomographic scans were utilized in all patients to assess the area of muscle at the L3 level. QREADS Ò , an electronic clinical application used purely for viewing medical images and developed at the Mayo Clinic in Rochester, Minnesota, was used to identify this image level and to acquire the measurements described below. A single L3 image was copied to the National Institute of Health's ImageJ Program, a validated tool for calculating area measurements on radiographic images [17] [18] [19] . Skeletal muscle and adipose tissue were distinguished by both gross appearance and by the technique from Lemieux and others [17, 20] (Figs. 1, 2 ). All portions of the image except the muscle itself were then cropped and removed (Fig. 3) . A grayscale pixel histogram of the remaining muscle in the image was then constructed and summed. The number of pixels was then converted to an area measurement in squared centimeters. Whenever possible, measurements and calculations were undertaken in Fig. 1 Skeletal muscle gray scale values were defined based on areas that included one-half adipose tissue and one-half skeletal muscle (solid circles) and areas that included only muscle (dotted circles). Such scaling helped define areas of cropping that showed residual muscle such a manner that the investigator was unaware of the patient's previously calculated muscle measurement.
Statistical analyses
Descriptive data include mean values and standard deviations. A paired t-test was used to assess serial differences in continuous outcome measures, such as muscle area and weight. The differences between such measurements were then compared with an independent t-test based on whether or not patients had manifested progressive cancer or not. A log-rank test was used to compare survival based on dichotomized weight and muscle measurements that defined groups. A P-value of \0.05 was considered statistically significant.
A sample size of 57 patients enabled detection of an estimated mean paired difference in muscle area of 4 cm 2 (and a standard deviation difference in muscle area of 8 cm 2 ) with greater than 80% power and a 5% type I error rate. These anticipated differences were extrapolated from expected tumor response rates, body composition data from others, and this study's relatively short interval between serial radiographic assessments [1, 6, 8, 21, 22] .
Results
Demographics
A total of 107 patients were consecutively treated between March of 2004 through 2007, and of these, 57 had serial scans. It should be noted that our study aims, which were established a priori, and the sheer lack of study material in patients with no serial scans necessitated that the study focus only on these 57 patients. Patient demographics a Numbers in parentheses refer to the percentage of the cohort unless otherwise specified appear in Table 1 . Forty patients had received prior chemotherapy.
Treatment and tumor response
Most patients received bevacizumab 5 mg/kg; 3 received a higher dose of 7.5 mg/kg. All patients received concurrent conventional chemotherapy along with bevacizumab. This conventional chemotherapy consisted of a combination of fluoropyrimidine, oxaliplatin, and leucovorin (39 patients), an irinotecan-based regimen (14) , single agent capecitabine (3), or 5-fluorouracial and leucovorin (1) . One patient underwent surgery for a strangulated hernia and 2 required radiation between scans. In terms of radiographic tumor response, 7 patients manifested progressive cancer. The other 50 manifested stable or responsive cancer.
Serial weight and muscle measurements
The mean weight (standard deviation) of patients at the time of the first and second scans were 85 kilograms (19) and 83 kilograms (19) , respectively (P = 0.002). Twentytwo patients had gained weight between scans. Cancer progression did not yield a statistically significant difference in weight loss between groups.
The mean muscle area (standard deviation) on the first and second set of L3 scans was 148 cm 2 (38) and 145 cm 2 (39), respectively (P = 0.02). Twenty-four patients gained muscle between scans. The mean difference (standard deviation) of muscle area between patients with cancer progression and those with stable or responsive disease was -6.2 (9.3) and -2.0 (7.5), respectively (P = 0.29), thus indicating that tumor progression was not a major determinant of muscle loss.
Follow-up
At the time of this report, 47 of 57 patients had died. Patients who had gained weight between scans had a slightly longer survival compared to those who lost weight, but this difference did not reach statistical significance: 1.81 and 1.34 years, respectively; (P = 0.10). Similarly, patients who had gained muscle between scans also lived longer, but, again, this difference did not reach statistical significance: 1.73 and 1.51 years, respectively; (P = 0.33) (Fig. 3) .
Discussion
This study found that the administration of bevacizumab, as described in this group of patients, is associated with loss of weight and attrition of skeletal muscle. Importantly, cancer progression did not predict the decline of either of these endpoints, thus suggesting that perhaps the cancer therapy itself, which included bevacizumab, might account for these findings. Even patients who did not manifest cancer progression manifested a loss of weight and muscle. Our findings parallel similar observations from Antoun and others with sorafenib, but the results from the current study are particularly notable insofar as the weight loss and muscle wasting occurred over a shorter time span of only a few weeks [8] . These observations suggest that patients who receive long-term chemotherapy with bevacizumab or perhaps bevacizumab alone should be monitored carefully for evidence of muscle weakness and other related morbidity. Do such observations seem plausible? Not all prospectively conducted clinical trials consistently report on the symptoms of fatigue and depression, both of which are thought to be potentially related to generalized weakness [23] . Yet, previous prospective studies with bevacizumab have found that the rates of these symptoms are, in fact, higher with this agent. Miller and others reported that severe fatigue occurred in 9.1% of conventional chemotherapy-treated patients who also received bevacizumab in contrast to only 4.9% who received conventional chemotherapy alone (P = 0.04) [24] . Similarly, Yang and others observed that malaise occurred in 30% of patients treated with bevacizumab 10 mg/kg in contrast to only 16% treated at a dose of bevacizumab 3 mg/kg and 15% exposed only to placebo [25] . Finally, Allegra and others observed that 2.9% of patients treated with bevacizumab in conjunction with conventional chemotherapy suffered severe depression in contrast to only 1.3% who received conventional chemotherapy alone (P \ 0.01) [26] . The current study begins to suggest an underlying mechanism for these higher rates of fatigue and depression with bevacizumab, pointing to an attrition of lean tissue as a potential culprit.
Finally, the study reported here has limitations. In contrast to the study from Antoun and others that explored body composition in sorafenib-treated patients [8] , the current study did not include a placebo group to provide benchmark, comparative muscle attrition rates. Moreover, the current study focused on colorectal cancer patients who had received conventional chemotherapy in conjunction with bevacizumab. The serial loss of muscle tissue reported here might in fact be attributable to the combination of conventional chemotherapy and bevacizumab, not bevacizumab alone. Nonetheless, the rapid weight loss and muscle wasting observed in this study is remarkable. These observations suggest that newer agents-such as bevacizumab-should be further investigated for their contribution to fatigue and to other related adverse events from an epidemiologic and a mechanistic standpoint.
